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INTRODUCTION
An adequate diet is known to be important in the growth and
development of children and it is believed that dietary patterns
are developed during early childhood. Extensive studies have
been made of the diets of school children, particularly of teen-
agers, but until recently little attention had been focused on
the dietary habits of preschool children.
Dietary intake constitutes an essential part of any nutri-
tion study and provides information on nutrient intake levels,
sources of nutrients, and food habits. However dietary investi-
gation is only one of several methods used in determining nutri-
tional status
. Biochemical analyses of blood and urine reveal
nutrient reserves in the body. Physical examination may show
any structural changes. When dietary intake, biochemical ana-
lyses and physical examination are considered together, a more
complete appraisal of the nutritional status of a population is
possible
.
The objective of this study was to investigate the rela-
tionship of dietary intake of selected nutrients and various
blood component values (hemoglobin, hematocrit, total serum pro-
tein and electropboretic fractions of serum protein) of [|.0 ap-
parently healthy preschool, children.
REVIEW OP LITERATURE
Evaluation of Nutritional Status
Nutritional status can be assessed by 1) biochemical
analyses, 2) clinical observations, 3) anthropometric measure-
ments and [(.) dietary investigation. Most researchers use 2 or
more methods in one study but the greater the number of methods
applied the more complete will be the picture of nutritional
status. Williams (195>1) stated that dietary records may indi-
cate inadequate intake; biochemical analyses may reveal low con-
centrations or inadequate reserves; physiologic tests may indi-
cate imparled function; and clinical examinations may show
structural changes. The Pood and Nutrition Board (196I4.) and the
Interdepartmental Committee on, Nutrition for National Defense
(ICNND, 1963) recommend that assessment of nutritional status be
based on biochemical, clinical and dietary information.
Biochemical Analyses
.
Biochemical analysis is the most ob-
jective method of assessing nutritional status according to
Williams (195l) . Blood may be analyzed for packed cell volume,
hemoglobin, serum ascorbic acid, serum vitamin A and carotene,
serum protein fractions, total serum protein, protein bound io-
dine, total iodine, and cholesterol. Analysis of urine may in-
clude creatinine, thiamin, riboflavin, n'methylnicotinamide and
total urinary nitrogen. The ICNND (1963) outlined procedures
for these blood and urine analyses and gave suggested guides for
interpreting values obtained. Biochemical values are designated
as "deficient, low, acceptable and high." These ranges of vali>e£
should be used as guides rather than set values. They are ex-
pressions of nutritional levels, not clinical deficiency states.
Ford (193'9) stated that there was lack of agreement among
investigators concerning the designation of blood nutrient
concentrations for a given level of nutrition adequacy. For
some biochemical tests various methods may give conflicting val-
ues. For example, values obtained in electrophoretic separation
of blood serum protein vary depending on the type of paper, tem-
perature, duration, staining time, destaining time and evaluation
technic used (Wuhrmann and Wunderly, 19&0) . There is a need for
the adoption of a uniform method of reporting electrophoretic
data on blood serum protein values in order to permit comparison
of results of various laboratories (Reiner e_t al., 195>0) .
Clinical Observations
.
Clinical observations are often
used in assessing nutritional status but should be used in com-
bination with other methods of evaluation. These observations
lack sensitivity and indicate apparent health or gross clinical
deficiency symptoms. Physical examinations of children partic-
ipating in the Child Research Council longitudinal study in
Denver were used to assure that poor health was not a factor in
their dietary intakes (Beal, 195>6) . These children were examined
h& times during the first 10 years of life. In a nutritional
survey of Groton Township, New York (Moore and Shaw, 19^1), phys-
ical examinations of eyes, lips, gums, teeth, tongue, buccal
mucosa, skin, palpation of the thyroid gland, tendon reflexes,
lower extremities and blood pressure from childhood to old age
were done. It was concluded that the study population was well-
nourished as there were few significant physical findings. Most
of the abnormalities noted, except overweight , were not actually
the result of dietary intake
.
Anthropometric Measurements
. Body measurements are useful
in several nutritional contexts; evaluation of calorie require-
ments, assessment of the nutriture, description of the present
nutritional status and demonstration of nutritional improvement
(Brozek and Keys, 1956) . Not all body measurements on children
are equally useful or practicable at all ages so recommended
measurements are made for various age levels. Height and weight
measurements are probably the most common measurements taken.
Other measurements may include chest, waist, upper arm and calf
of leg circumferences, bi-condular diameters of humerus and
femur, bi-cristal diameter, bi-acromial diameter, and skinfold
thickness of upper arm, and waist. Measurements may also include
x-rays
.
Silderback (19&7) reviewed previous studies and described
methods of taking anthropometric measurements of preschool chil-
dren. She found overall dietary adequacy was significantly cor-
related with height, weight, pelvic girdle and shoulder girdle
of 3-6 year old boys. However, it was not significantly corre-
lated with any of the anthropometric measurements of girls of
the same age
.
Dietary Investigation
.
Dietary investigation offers a
direct method of estimating dietary levels whore routine labora-
tory or clinical tests have not been developed. The ICNKD (1963)
maintain that only a recent change in dietary intake would cause
disagreement among biochemical, clinical and dietary data. Basic
information obtained in dietary studies is essential in planning
recommendations for changes in nutritional practices (ICNND,
1963).
Collection of Dietary Data. Several methods are employed
in collection of dietary intake. A recall of food intake; food
records in weighted, measured or estimated amounts; and dietary
histories have been adapted for nutritional surveys by various
workers
.
Young ejb al. (195>2) found that the 2l|-hour recall gave ap-
proximately the same results as the 7-day record in determining
group means for most nutrients but concluded that the two meth-
ods should not be used interchangeably. Leitch and Aitken (1950)
found food consumption was underestimated when a recall method
was used as compared to recording food intake. Weighing of foods
should result in the most accurate estimate of dietary intake and
dietary recall the least reliable estimate. A fairly good die-
tary record can be obtained by recording food intake in house-
hold measurements
.
Chalmers _et al. (1952) stated that dietary records should
cover a sufficient period of time to furnish an adequate picture
of nutrient intake. However, if the period is too prolonged the
interest and cooperation of the subjects may be lost. Three-day
records (Bilderback, 1967; Eppright et al
.
. 195^-J and Metheny
et al., 1962) and 7-day records (Ford, 19^9; Ling, 1966; and
Macy and Hunscher, 193>1) are the most common.
Beal (19^3) stated that nutrition histories provided the
most practical method of determining nutrient intake over a long
period of time for a large number of individuals. She used die-
tary histories to record dietary data on 121 children in a lon-
gitudinal study in the Denver, Colorado area.
Evaluation of Dietary Data. Information obtained from the
dietary record should be related to a standard. Many researchers
have compared nutrient values to the Recommended Dietary Allow-
ances (RDA) proposed by the Food and Nutrition Board of the Na-
tional Research Council (NRC). The first edition of the RDA was
published in 19l|3 with revisions in 19i|5, 19^8, 1953, 1958 and
1963.
In the opinion of the Food and Nutrition Board the RDA will
maintain good nutrition in essentially all healthy persons in
the United States under current living conditions. The RDA pro-
vides for a margin of sufficiency above average physiological
requirements to cover individual variations in requirement, in-
creased needs during stress and to permit full realization of
growth and productive potential. The recommended allowances are
in excess of need for the majority of individuals. They are not
considered adequate to cover increased requirements of persons
depleted by disease or traumatic stresses. The allowances should
be used as goals in planning food supplies and as guides for in-
terpretation of food consumption of groups of people. They have
also been used as a guide in interpreting the adequacy of nutri-
ent intakes of individuals in dietary surveys of population
groups
.
In the ]95>8 revision of the RDA, recommended allowances for
calories were increased from 1200 to 1300 for children 1-3 years
and from 1600 to 1700 for children lj.-6 years with corresponding
changes in thiamin (0.6 mg to 0.7 mg for children 1-3 years and
0.8 mg to 0.9 mg for children li.-6 years) and riboflavin (1.2 mg
to 1.3 mg for children l|-6 years). In addition, to correct for
the conversion of tryptophan to niacin, allowances for niacin
were changed from 6 mg to 8 mg equivalents for children 1-3 years
and from 8 mg to 11 mg equivalents for children Lj.-6 years.
The latest RDA revision occurred in 19&3. The: age groups
were changed from 1-3 and I4.-6 years to 1-3 and 3-6 years. The
height of the reference child age l|-6 changed from 109 cm (I4.3 in)
to 107 cm (J4.2 in) for age 3-6. The weight remained the same.
In the 1963 revision, the RDA for the older preschool age group
(I4.-6 years, 1958 revision; and 3-6 years, 1963 revision) changed
from 1700 to 1600 calories, from 50 to lj.0 gm protein, from 1.0
to 0.8 mg calcium, from 8 to 10 mg iron, from 0.9 to 0.6 mg
thiamin, and from 1.3 to 1.0 mg riboflavin. The RDA for niacin
equivalents (11 mg)
,
ascorbic acid (50 mg)
,
and vitamin D (I4.OO
IU) remained the same.
Even though the average intake of a nutrient by a group may
be adequate according to NRC standards, the distribution of in-
takes usually show that some individuals consume significantly
more and/or some significantly less than the average (ICNND,
1963). Seal (1953, 195ty., 1955, 1956) found the distribution of
nutrient intakes showed a skewing which nullified the use of
mean and standard deviations. She presented her data in quar-
tiles using the highest and lowest values observed to show the
total range. Intakes of calories, carbohydrate, fat and protein
were presented in actual intakes and as per kilogram of body
we i ght
.
8Serum Protein Fractions and Total Serum Protein
Wuhrmann and Wunderly (I960) stated that serum proteins
have essentially 3 functions; i.e., transport, maintaining col-
loidal osmotic stability, and nutrition. There is a reserve of
plasma protein-forming-material that may be reduced by fasting,
low protein diet or plasma depletion.
Electrophoretic Separation . Paper electrophoresis, because
of its relative simplicity and the development of rapid methods
of recording and quantitating the results, has been applied on
a broad scale to the study of proteins in the blood. Serum pro-
teins are separated into albumin, alpha 1, alpna 2, beta and
gamma fractions (ICNND, 1963; Beckman Instruments, Inc., 1957).
Proteins with an excess of negative charges migrate toward the
anode and those with positive charges move toward the cathode.
At pH 8.6, which is above the isoelectric point of the serum
proteins, migration is toward the anode. The molecule having
the lowest isoelectric point (albumin) migrates at the highest
rate. Gamma globulin moves slightly toward the cathode because
of electro-osmotic effects.
Methods for paper electrophoresis have been developed by
Wieland and Fisher and Turba and Enenkel in Germany, Cremer and
Tisellus in Sweden and Durrum in America (Ogryzlo e_fc al
.
. 1959).
The ICNND (1963) stated that excellent results can be obtained
using the Spinco RB System (Durrum cell) with the Analytrol
quantifying scanner.
Laboratory Findings . Oberman e_t a!L. (1956) studied serum
proteins of 159 well infants and children at ages ranging from
birth through thirteen years and 26 mothers of newborn infants.
Any infant or child who had had any evidence of infection, how-
ever mild, in the four months before the laboratory analysis of
his serum was excluded from the study. They found mean values
for total serum protein significantly lower in newborn infants
than in their mothers at term. The level of serum protein rose
slowly after birth, with average values reaching the average
adult level by one to two years of age. Children six to thirteen
years of age had somewhat higher total protein levels than
adults
.
In addition to total serum protein determinations, Oberman
et al. (195>6) studied electrophoretic fractions (albumin, alpha
1 globulin, alpha 2 globulin, beta globulin and gamma globulin)
of serum proteins. Mean absolute values for serum albumin were
significantly higher in newborn infants than in their mothers at
term but usually fell within the adult range at about three
months of age. Children six to thirteen had a higher albumin
level than adults, accounting for the higher total protein level
observed in children of this age group.
Mean absolute values for total serum globulin were lower in
the newborn infant than in their mothers at term. After birth
the level of serum globulin fell steadily, and reached the low-
est value at 3 to lj months of age. The values rose after this
time and reached adult levels by 7 to 11 months of age.
Alpha and beta globulin fractions were higher in the mother
than her newborn infant . After a slight fall in the alpha
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globulins and a steep ri.se in the beta globulin during the first
week, the values remained fairly stable throughout life, with a
tendency to lower values with increasing age. The range of ob-
served values for beta globulin was somewhat greater than that
of alpha 1 and 2 globulins.
Mean values for serum gamma globulin was not significantly
different in mothers at term, newborn infants and normal adults.
At three to four months gamma globulin reached its lowest level,
then rose slowly reaching adult levels by 3 to 5 years of age.
The mean values for children, however, fell within the normal
adult range by 7 to 11 months of age. Knapp and Routh ( 191+9
)
believe these changes in the gamma fraction are related to the
loss of passive immunity received by the infant from its mother
and the accumulation of antibodies and the development of active
immunity in the child.
Moore e_t al
. (191+9) found serum albumin and gamma globulin
increased during the development of the fetus while alpha and
beta globulins remained unchanged. Alpha and beta globulins
showed a considerable increase in the serum of the mother during
pregnancy with a reduction in the albumin content.
Lubschez ( 19^4-8 ) reported no age or sex differences in aver-
age serum protein component values after the age of 6 months in
30 children ranging in age from birth to 11 years. However,
Hodges and Krehl (1965) found a sex difference in students in
grades 9, 10, 11 and 12 in £8 Iowa schools. Values for alpha 2
globulin, beta globulin and gamma globulin were higher in fe-
males and albumin, alpha 1 globulin and total serum protein
11
higher in males
.
Angelopoulos and Bechrakis (I960) studied electrophoretic
separation of serum proteins in newborn infants, older infants
and children to age 12 in Greece. After 6 months of age, the
total protein was within the adult range. Minor variations oc-
curred in total globulins before 6 months of age. Albumin val-
ues were similar to adult values after 13 days. They compared
their data with other studies and concluded that values were sim-
ilar in countries having similar dietary customs. This suggests
that dietary intake influences blood protein components.
Dhopeshwarkar et al
. (1956) found that vegetarianism pro-
duced a lower than normal plasma albumin with a compensatory in-
crease in the plasma globulin. Their subjects were Indian
medical students on a vegetarian diet which included milk and
milk products but no other food of animal origin and Indian med-
ical students who consumed eggs and fish, fowl or meat daily.
Changes in the concentration of electrophoretic fractions
of blood serum protein have been observed in various diseases.
Many of the observed abnormalities fall into a small number of
patterns, some of which characterize a whole group of patholog-
ical states. Wuhrmann and Wunderly (I960) refer to these pat-
terns as "constellations" and list 9 of them. They are 1) acute
inflammation, 2) chronic inflammatory and proliferative processes,
3) hepatitis, ij.) cirrhosis, 5) biliary obstruction, 6) nephrotic
syndrome, 7) malignant tumors, except myeloma, 8) gamma myeloma
and 9) beta myeloma.
Within each constellation there are degrees of severity and
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the plasma protein pattern often reflects the total physiology
and clinical state of the patient rather than a specific disease
process (Jencks e_t al_., 1956). In general, however, physical
and chemical tests on serum proteins have diagnostic value only
when placed in the whole clinical picture. They are of more im-
portance in following the progress of a patient (Putman, 19&0)
.
Relationships of Hematocrit and Hemoglobin to
Nutrient Intake
Many researchers believe there is a relationship between
dietary intake and the concentration of certain nutrients in the
blood. The determination of hemoglobin is one of the most widely
used biochemical techniques in the appraisal of nutritional
status. Dietary protein and iron are expected to have a positive
relationship with hemoglobin. Some workers have found a relation-
ship while others have not. Intake of calcium and carbohydrate
have also been correlated with hemoglobin. Positive correlations
have been found between hematocrit or packed cell volume and
hemoglobin and intakes of several nutrients.
Wilcox e_t al. (19^5) studied packed cell volume of 131 chil-
dren age 5 to 18 with and without rheumatic fever. Significant
positive correlations were found between volume of packed cells
and protein, carbohydrate, calcium, iron, thiamin, riboflavin and
niacin. A significant negative correlation was found between
volume of packed cells and calories.
Dibble et al. (1965>) found hematocrit values below accept-
able levels of the ICNND for a large number of males and females
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ages 13 and llj. years attending 3 schools in Syracuse, New York.
Significant positive correlations were found between protein and
thiamin intakes at breakfast and hematocrit values taken in mid-
morning. Eighty percent of the hematocrit values for the females
in one school were below acceptable levels. No hemoglobin deter-
minations were done.
A positive but not statistically significant relationship
between hemoglobin concentration and iron intake was found by
Hodges and Krehl (1965) in 252 Iowa teenagers. Hematocrit val-
ues decreased as the intake of milk fat increased but this rela-
tionship was not significant.
Bring e_t al. (1955) studied the nutritional status of l5
and 16 year old school children in 3 Idaho communities in rela-
tion to hemoglobin and packed cell volume of whole blood and die-
tary iron. Seven-day dietary records were kept. A highly sig-
nificant positive correlation was found for both males and
females between hemoglobin and packed cell volume, and for males
between iron intake and hemoglobin and between iron intake and
packed cell volume.
Ford (1959) found hemoglobin was not significantly corre-
lated with any of the nutrients in the diets of Sl\. school chil-
dren age 8 to 13 in Riley, Kansas.
Puhr and Steenback (19l|3a and 19l|3b) and Wilcox et al.
(1955) reported that hemoglobin and dietary calcium were related.
Wilcox et_ al. (3.955) also reported a significant relationship be-
tween hemoglobin and intake of carbohydrate.
In an interregional research project 5 of the 6 stales in
Ik
the northeast region analysed blood for hemoglobin (Morgan,
1959) . A positive correlation was found between hemoglobin and
dietary protein and dietary iron in 1500 subjects ranging in age
from I|.-35 years. Since the values for hemoglobin, dietary iron
and protein were all high in the sixth state among male indus-
trial workers 20 to 50 years of age, the negative correlation
found between hemoglobin and protein may not represent a true
nutritional relationship (Clayton et al., 1953).
In the Southern region, a positive correlation was found
between dietary protein and hemoglobin but no relation between
dietary iron and hemoglobin of Virginia children 8 to 11 years
old. A highly significant positive correlation between dietary
iron and hemoglobin but none between hemoglobin and dietary pro-
tein was found in Louisiana (Morgan, 1959) . The difference may
be explained by the fact that Louisiana children had diets richer
in protein and analysis of blood showed higher hemoglobin values
than Virginia children with about the same intake of iron.
In the North Central region, hemoglobin values for Kansas
children aged 9 to 11 were much lower than for children from
Iowa and Ohio. Although no correlations were made between hemo-
globin and dietary protein, more children in Kansas had low pro-
tein intakes than the other two states (Patton e_t al., 1953).
Dietary Intake
Burke et al. (1959) obtained diet histories on 125 children
1 to 18 years of age. A total of 20?0 dietary histories were
taken at 6 month intervals up to 6 years of age and at 1 year
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intervals thereafter. The average intakes of calories and pro-
tein were above the 1958 RDA except for the calorie intake of
the girls from 1-6 years and from 12-18 years of age.
A nutritional survey including 139 children 1-6 years old
in Groton Township, New York (Young et al. . 1950), indicated
that intake was adequate according to the 191+8 RDA for all nu-
trients except calcium. Children age 1-10 had the best food
records when compared to older children and adults.
Bilderback (1967) studied 50 children age 3-6 whose parents
lived in married student housing at Kansas State University,
Manhattan. She found 20/i of the children had diets meeting the
1963 RDA for all nutrients, 1+2% had diets with one or more nu-
trients less than 100$ of the RDA but not less than 67/£ of the
RDA and the remaining 3>&fo had diets with at least one nutrient
less than 6j% of the RDA. Iron was the nutrient supplied in the
least adequate amounts, followed by ascorbic acid. Niacin was
the only nutrient supplied at 100/b of the RDA in diets of all
the children. In general children who received vitamin and/or
mineral supplements consumed diets which were more nutritionally
adequate than those who did not receive such supplements.
Ling (1966) also studied preschool children in Manhattan,
Kansas. The L|-9 children from 2 socioeconomic groups ranged in
age from 1-6 years. Niacin was the most adequately supplied
nutrient followed by protein, thiamin and riboflavin. Iron was
the least adequately supplied nutrient. In general, the chil-
dren from the lower socioeconomic group had more adeouate diets
than those from the higher socioeconomic group.
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Beal (1953, 193''-!-, 1955) studied diets of children from
birth to 5 years in the Denver, Colorado area. Nutrient intakes
were presented in quart iles and the highest and lowest values
were shown. Intakes of calories, protein, carbohydrate and fat
were expressed as nutrient per kilogram of body weight. Intake
of calories, carbohydrate, and fat Increased with age. Nutrient
intake for the majority of the children equalled or exceeded the
1953 revision of the RDA. The exceptions were niacin and iron.
The intake of iron rose sharply during the first year but de-
creased as commercially prepared cereals were replaced by regular
foods. After 3 years of age, iron intake for only 2$% of the
children met the RDA. The RDA for niacin was not met by 75$ of
the children, but there was no evidence that their intake was
inadequate as judged by growth rate and absence of deficiency
symptoms. When this study was conducted only preformed niacin
was calculated.
PROCEDURE
Selection of Subjects
The subjects of this study were l\Q children between the ages
of 3 years 10 months and 5 years 9 months who attended the Kansas
State University Nursery School or the Presbyterian Church Nurs-
ery School in Manhattan, Kansas in May, 1967 . Dietary records
and blood samples were obtained during a cooperative study by the
Department of Poods and Nutrition and the Department of Family
and Child Development.
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Collection and Recording of Dietary Intake
The first of 2 interviews with the mothers included explana-
tion of the study, obtaining information about family character-
istics and explanation of the method for keeping a 3-day dietary
record. If the child was cared for by someone other than the
mother, the mother instructed the person about keeping the food
records. The second interview was conducted the day following
the 3-day dietary record and consisted of reviewing the dietary
record with the mother and recording any omitted information.
The first 3-day intake records were begun on May 20, 1967 and
the last record was completed on June 6, 196?.
The form developed for the North Central Cooperative Project
NC-75> was used to record all food eaten and any vitamin and/or
mineral supplement taken (Form I, Appendix). Written instructions
for recording food eaten accompanied the form.
Each food item appearing in a child's food record was as-
signed a code number as outlined in the manual, Calculating the
Nutritive Value of Diets (Davenport, 196J|.)
.
The percentage of
an average serving of each food item was determined. Master com-
puter cards containing the nutritive values for average servings
of foods which are presented in Home and Garden Bulletin 72 (Con-
sumer and Food Economics Research Division, l c)6l\.)
,
was used for
calculation. An IBM 3oO-5o computer was used to determine the
nutrient intake for each of the 3 days as well as an average for
the 3 days. Mean daily intakes were calculated for food energy,
protein, fat, carbohydrate, calcium, vitamin A, thiamin,
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riboflavin, niacin and ascorbic acid. Niacin equivalents were
figured by assuming that 1% of the dietary protein was tryptophan
and that 60 mg of tryptophan yields 1 mg of niacin. The follow-
ing formula was used:
protein (g) x 0.167 + niacin (mg) = niacin equivalents (mg)
Mean daily nutrient intakes were divided into quartiles,
using the highest and lowest values observed to show the total
range. In addition, the mean daily intake per kilogram of body
weight was calculated for food energy, carbohydrate, fat and pro-
tein and divided into quartiles. Levels were compared to the
Recommended Dietary Allowances (RDA)
.
Medical Examinations
Medical examinations were given by two local pediatricians
from May 31 to July 21)., 1967. The medical form (Form II, Appen-
dix) was adapted from the Marking Form of the Kent Pediatric
Society Research Sub-committee, Incidence of Health Among School
Children. Examination of skin, eyes, ears, nose and throat, cer-
vical glands, speech, heart and circulation, lungs and nervous
system was done. Mental condition, deformities and any incidence
of tuberculosis were noted. Maximum deductions for each defect
were stated on the form with total deductions of 100.
Blood Analyses
Venous blood samples were drawn by a technician from the
medical laboratory when the children were taken to the Medical
19
Center for their medical examinations. A portion of the blood
was oxylated for use in hematocrit and hemoglobin determinations.
Another portion was allowed to clot for electrophoretic separa-
tion of the serum proteins and total serum protein. Blood sam-
ples were stored at room temperature at the medical laboratory
until all examinations for each day were completed. Samples were
then taken to the nutrition laboratory at Kansas State University
for analyses. After clot retraction the serum was separated by
centrifugation. When it was not possible to perform total serum
protein determinations and electrophoretic analyses on the day
the sample was drawn, the serum was stored under refrigeration,
but in no case for longer than two days.
Hemoglobin determinations were made in duplicate using the
cyanmethemoglobin method (ICNND, 1963) .
Hematocrit determinations were done in duplicate using the
Adams Autocr.it Centrifuge (Clay-Adams Inc., 1963) .
Total serum protein determinations were done in duplicate
using a modified biuret technic-macro procedure (ICNND, 1963)
.
A 20/c solution of Diagnostic Albumin obtained from the Department
of Public Health in Michigan was used as the standard.
Electrophoresis of serum protein was run in. duplicate or
triplicate using bromophenol blue dye in alcholic solution (pro-
cedure B), Spinco Model R Paper Electrophoresis System (Beckman,
1965). This system (Pig. 1) allows for 8 determinations with
each run. The support stand is set into the cell vessel so the
slit in each leg straddles the center partition. Eight filter
paper strips are placed over the nylon pegs and the folding rack
20
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placed on the support stand with the legs down as far as they
will go. The paper strips are then in contact with two thick
paper wicks saturated with a buffer solution in the cell vessel.
The cell cover is then put in place. Paper strips are then sat-
urated with buffer solution, and drained. The test sample is
applied to the filter paper strip by removing tape over the cover
slot. Direct current is applied and migration of the proteins
takes place. After migration for 16 hours the strips are dried,
rinsed, stained and rerinsed according to procedure B (Beckman,
1965). A model RB Analytrol with a slit width of 0.5 mm and a
B-5 cam was used for scanning (Beckman, 1957) . Values obtained
were divided into qusrtiles using the highest and lowest values
observed to show the total range and compared to the Interdepart-
mental Committee on Nutrition for National Defense (ICNND, 1963)
suggested levels.
Statistical Analyses
Correlation coefficients were computed among blood values,
among nutrient intakes and between blood values and nutrient in-
takes using an IBM 3&0-50 computer.
RESULTS AND DISCUSSION
Description of the Subjects and Their Families
Sex and Age of Children Studied. The 1+0 children included
in this study consisted of 19 boys and Z\\ girls ranging in age
from 3 years 10 months to 5 years 9 months. Previous studies
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(Angelopoules and Bechrakis, I960; Knapp and Routh, 191+9; McBee
et al., 1950; Morgan, 1959; ICNND, 1963; Lubschez, 191+8; Oberman
et al., 1956; and Williams, 195D have shown no sex or age dif-
ference in blood data for this age range so children were not
subdivided into sex or age groups
.
Composition of Families . In 39 families both parents lived
in the home. One child lived with his mother and grandmother.
The number of children per family ranged from 1 to 1+ with a mean
of 2.38 per family. The range of ages of siblings was 3 weeks
to 17 years.
Ages of Parents
. Ages of parents are given in Table 1.
Age data were not obtained on 2 sets of parents. Approximately
one-half of the parents were 31 to 1+0 years of age and one-third
were 21 to 30 years of age.
TABLE 1
Ages of parents (in years)
Mothers
Fathers
Totals
No 21-
No
31-1+0
No %
l+i-5o^
No %
38 17 \\$ 17 k$ k 10
11 _8 22 23 67 _6 16
75 25 33 ^0 53 10 13
Educat ion of Parents
. Educational level of the parents is
given in Table 2. Data were not obtained on l\. mothers. All but
1+ mothers had some college education and 15 had college degrees
.
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The majority (69$) of the fathers had more than l\. years of col-
lege.
TABLE 2
Education of parents
High High College
school school College College more than
No 1-3 yr k yr 1-3 yr Ij. yr k 7^ ^
No % No % No % No % No $
Mothers 35 1 3 1* 8 16 1(6
Fathers 39 1 3 2 5 _0
Totals 71| 2 3 6 8 16 22
11 35 3 8
_8 23 28 69
19 26 31 U-2
Occupation of Parents
.
Twenty-eight (72$) of the fathers
had professional occupations, five were graduate students, two
were managers, 3 were salesmen, and 1 was a service worker.
Twelve mothers were employed outside the home on a full or part-
time basis
.
Dietary Intake Records
Mean Nutrient Intake
.
The mean daily nutrient intake for
each child from diet plus vitamin and/or mineral supplement was
calculated from the 3-day dietary record (Table 12, Appendix)
.
In one case a 2 day record was used because dietary information
was incomplete for the third day. The distribution of intakes
for the whole group is presented in Table 3 as the highest and
lowest values observed and the 25th, 3>0th, and 73'th percentiles
as compared to the 1963 RDA
.
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The RDA for iron fell between the 75th percentile and the
highest value observed, the RDA for calcium and calories between
the 50th and 75th percentiles, the RDA for vitamin A, protein,
thiamin, riboflavin and ascorbic acid between the lowest value
observed and the 25th percentile. All niacin equivalent intakes
were above the RDA. The most deficient nutrient according to
RDA was iron, followed by calcium.
To adjust for body size, daily intakes for each child for
food energy, fat, carbohydrate and protein were calculated as
intake per kilogram of body weight (Table 13, Appendix) . Data
for the whole group are shown in Table J| as highest and lowest
values observed and 25th, 50th and 75th percentiles as compared
TABLE k
Highest and lowest values observed and highest 25th, 50th
and 75th percentile for food energy, protein, carbohydrate
and fat in nutrient per kilogram of body weight for i|0
children as compared to 1963 RDAl
Food
Level energy Pat Carbohydrate Protein
calories gm
per kg per kg
Highest 153 5.7
75th 103 k.2
50th 90 3.5
25th 71 2.7
Lowest 60 2.0
RDA 89
gm
per kg
gm
per kg
18.0 5.6
13. h 3.6
11.0 3.0
9.0 2.7
6.0 1.6
2.2
1Food and Nutrition Board, 196i|
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to the 1963 KDA. When expressed as nutrient per kilogram of body-
weight the RDA for protein remained between the lowest value ob-
served and the 25>th percentile but the RDA for calories fell one
division since it was just below the 5>0th percentile.
The number of children who had intakes below 100$ of the
RDA for 1-6 nutrients is shown in Table 5. The nutrients are
subdivided to indicate those between 67$ and 100$ and those below
67$ of the RDA. Two children were below 100$ of the RDA for 6
TABLE 5
Number of children with intakes below the
1963 RDA 1 for 1-6 nutrients
Total no. nutri- No. nutrients
ents below No. children between 67$- No. nutrients
100$ RDA 100$ RDA below 67$ RDA
6 1 2 k
6 1 Ij. 2
5 2 3
k 1 1 3
U 2 2 2
k 3 3 1
3 2 12
3 2 2 1
3 6 3
2 9 11
2 6 2110 1
1 10 1
Food and Nutrition Board, 1961).,
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nutrients, 1 for 5 nutrients, 6 for l\. nutrients, 10 for 3 nutri-
ents, 15 for 2 nutrients, and 11 for 1 nutrient. Fifteen chil-
dren had 1 nutrient and 8 had 2 to !(. nutrients that were below
67^ of the RDA.
Iron was the most deficient nutrient in this study. Methany
et al. (1962), Bilderback (1967), Ling (1966) and Beal (195^)
also found iron to be the most deficient nutrient in the diets
of preschool children. Methany et_ al. (1962) reported $1% of 87
children had diets that failed to supply the recommended allow-
ance for iron. Five percent of their children had diets failing
to supply iron at the level of 67% of the recommendation. Beal
(195'|) found as many as 75$ of the children she studied in the
Denver, Colorado area had iron intakes less than the recommenda-
tion.
In this study calcium was the second least adequately sup-
plied nutrient compared to the 1963 RDA. The median intake was
0.73 gro (Table 3). Less than one half of the 1|9 children studied
by Ling (1966) had intakes adequate in calcium. Forty-six per-
cent of the children studied by Methany e_t al. (1962) had diets
low In calcium. The Denver children whom Beal (195H-) observed
had the lowest level of calcium intake between the ages of 2 and
3 years when the median intake was 0.75> gm. However, by the age
of 5 there was an acceleration so that the median intake was at
the 3 .0 gm level
.
The RDA for calories is just above the median intake of 15>68
calories in this study. Sixty percent of the children in Bilder-
back' s (1967) study had intakes at or above 100^ of the RDA and.
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the others had calorie intakes at or above 67$ of the RDA.
Calorie intake was below 100^ of the RDA for $1% of the children
from the lower socioeconomic group and 86/0 of the children from
the higher socioeconomic group studied by Ling (1966) . Forty
percent of the children studied by Methany et al. (1962) had cal-
orie intakes below 100$ of the RDA. Beal (1953) found total in-
take of calories increased and median intake was close to the
RDA throughout the period from 1-5 years.
The RDA for ascorbic acid fell below the 2£th percentile in
this study. Slightly more than one half of the children studied
by Ling (1966) had diets supplying 100$ of the RDA. Methany
et al. (1962) found the full allowance for ascorbic acid was con-
sumed by Q5% of the 87 children studied. In contrast Bilderback
(1967) found that ascorbic acid was second to iron of the nutri-
ents supplied in inadequate amounts.
Only a few of the children's diets were below the full rec-
ommendation for protein (2), riboflavin (3) and thiamin (1).
Niacin was the most adequately supplied nutrient by NRC standards
with diets of all the children meeting 100$ of the RDA. Ling
(1966), and Bilderback (1967) also found that all of the diets
included in their studies met 100$ of the RDA for niacin. Only
3$ of the diets included in the study conducted by Methany e_t al.
(1962) failed to meet 100$ of the niacin allowance.
Effect of Supple mentation . Sixteen children received vita-
min and/or mineral supplements. Of these, 13 received a multi-
vitamin supplement, 1 a multi-vitamin plus iron and calcium sup-
plement, 1 a multi-vitamin supplement and an ascorbic acid
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supplement on alternate days and 1 a multi-vitamin supplement
for two days and a multi-vitamin supplement plus iron on the
third day. All of the children receiving vitamin supplements
had nutrient intakes exceeding the RDA in nutrients supplied in
the supplement, except iron.
Mean vitamin intake from diet alone for each child receiving
supplements was calculated (Table 1)4., Appendix) . Highest and
lowest values observed and 2S>th, 50th, and 75>th percentiles of
nutrient intakes from food alone are shown for the group of chil-
dren not receiving vitamin supplements (Table 6) and for the
group receiving supplements and for vitamin intakes from food
plus supplement for children receiving supplements (Table 7)
•
Intakes of vitamins from food alone were similar for the two
groups
.
Of the 16 children receiving supplements containing vitamin
A and ascorbic acid, 5 had food intakes below the RDA for both
nutrients. Fourteen of the 15 largest intakes of vitamin A (food
plus supplement) were consumed by children receiving a supplement
containing vitamin A. The highest intake was approximately 7.5
times the RDA.
Thirteen children received supplements containing thiamin,
riboflavin and niacin. Three, 5 and 1 of the children would have
been deficient according to the RDA in thiamin, riboflavin and
niacin, respectively, had they not taken a vitamin supplement.
However, none of the children had intakes from food alone below
67^ of the RDA for these 3 nutrients.
Two children were consistently in the lowest percentile
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divisions for all of the nutrients and usually one or the other
had the lowest intake observed. Both of these children received
vitamin supplements. Without the supplement one child would have
been below the RDA in all 9 nutrients calculated.
Bilderback (1967) found that children receiving vitamin sup-
plements had higher dietary ratings than children not receiving
supplements. In general, she found that children receiving sup-
plements already were consuming more adequate diets from food
alone than the other children.
The effect of supplementation of diets is shown graphically
in Figure 2. Various levels are related as percent of RDA. In
every case corresponding levels are higher in the diets with
supplements than without. Supplementation did little to improve
the diet in comparison to RDA except for vitamin A and ascorbic
acid
.
Correlations Between Nut rients . Simple correlation co-
efficients between nutrient intakes from diet plus supplement
are shown in Table 8.
Because calories are a composito of protein, fat and carbo-
hydrate the positive correlations between these nutrients might
be expected.
Most of the children consumed a fairly large amount of mar-
garine each day. The fortification of margarine with vitamin A
might account for the positive significant (p <; O.Qfi) correlation
between vitamin A and fat
.
The main source of iron in the diets was enriched grain
products. This fortification might account for the positive
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significant relationship between carbohydrate and iron, protein
and iron and calories and iron. If enrichment of cereal products
was the reason for these correlations, correlations also might be
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shown In Table l5, Appendix. The lowest score received was 96
out of a possible 100. Twenty-four children (60$) received
scores of 100. All the children were apparently healthy and had
no obvious nutritional deficiencies.
Blood Analyses
The average blood values for each child are shown in Table
16, Appendix. Highest and lowest values observed and 25th, 50th
and 75>th percentiles for hemoglobin, hematocrit, total serum
protein, albumin (gm/100 ml), globulin fractions (percent of
total serum protein) and albumin: globulin ratio as compared to
ICNND (1963) suggested levels are shown in Table 9. Simple cor-
relation coefficients were calculated between blood values (Table
10) and between blood values and dietary intake (Table 11)
.
Hematocrit and Hemoglobin . The ICNND (1963) acceptable
levels fell between the 25th percentile and lowest value observed
for hematocrit and hemoglobin. Because 90$ of the children were
below 100$ and 25$ of these below 67$ of the RDA for Iron a low
hemoglobin value might be expected, however, this was not shown
in the hemoglobin values found. Kaucher e_t al. (191+8) suggested
that hemoglobin concentration is an indicator of adequate nutri-
tion with respect to many rather than to a single nutrient. Two
children with deficient hemoglobin levels according to ICNND
(1963) standards had intakes in the lowest percentile for cal-
ories, fat, protein, calcium and iron. One child was also in
the lowest percentile for carbohydrate . Both children received
a vitamin supplement supplying thiamin, riboflavin, niacin and
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ascorbic acid.
A positive significant relationship (p < 0.01) was found
between hemoglobin and hematocrit. Bring e_t al
. (1955) also
found a positive relationship between hematocrit and hemoglobin.
Few significant correlation coefficients were found between
nutrient intake and hematocrit and hemoglobin values. Because
protein and iron are involved in hemoglobin formation a positive
relationship might be expected between hemoglobin and protein
and hemoglobin and iron. A positive significant (p< 0.01) rela-
tionship was found between hemoglobin and protein intake. The
relationship between hemoglobin and iron intake was positive but
not quite significant.
Total Serum Prote in and Serum Protein Fractions . Total
serum protein values ranged from 5.^1-8 to 7.80 gm/100 ml. Angel -
opoules and Bechrakis (I960) found a mean total serum protein
value of 6.39 gm/100 ml in children over 3 years. This figure
would fall near the 50th percentile found in this study. Oberman
et al
. (1956) found a mean total serum protein value of 7.11 for
children 3-5 years old. This valiie is above the 75th percentile
found in this study. ICNND (1963) give suggested levels for
total plasma protein instead of serum protein. Because plasma
contains the fibrinogen fraction these values cannot bo compared
directly. The fibrinogen fraction has been estimated to be about
6- 7$ of the total plasma protein (Kleiner and Orten, 1966;
Harrow and Muzer, 1966). Assuming that 6.5/b of the plasma pro-
tein is fibrinogen, a range of 6.1-6.5 gm/100 ml for total serum
protein was estimated by using the ICNND (1963) acceptable range
in
(6.5-6.9 gra/100 ml) for total plasma protein. This range would
be between the 25th and 75th percentiles of the present study.
The lowest value for the ICNND (1963) acceptable range fell
between the lowest value observed and the 25th percentile for
albumin, between the 50th and 75th percentiles for alpha 1 and
beta globulin and between the 75th percentile and the highest
value observed for alpha 2 globulin and gamma globulin.
Mean values for globulin fractions obtained by Oberman e_t
al. (1956) are within the ICNND (1963) acceptable range. Both
the ICNND (1963) values and mean values obtained by Oberman e_t
al. (1956) are higher than values found in this study.
Positive significant (p < .05 ) correlations were found be-
tween total serum protein and niacin equivalent intake, albumin
(gm/100 ml) and vitamin A intake, albumin and niacin equivalent
intake and a positive significant (p <C O.Ol) correlation was
found between albumin: globulin ratio and fat intake. A negative
significant (p < 0.01) correlation was found between fat intake
and alpha 1 globulin.
Because lipoproteins and glycoproteins are carried by the
alpha and beta globulin fraction (Wuhrrnann and Wunderly, i960) a
relation might be expected between these two globulin fractions
and carbohydrate or fat rather than the negative relationship
between alpha 1 globulin and fat intake and the positive rela-
tionship between albumin: globulin ratio and fat intake that was
found in this study. Perhaps an analysis of total serum lipid
would have shown a positive relationship with alpha and beta
globulin fractions.
k2
SUMMARY
The relationship of dietary intake and several blood values
for 1|0 children age 3 years 10 months to 5 years 9 months was
investigated. Three day dietary records were obtained for chil-
dren attending the Kansas State University Nursery School and
the Presbyterian Church Nursery School in Manhattan, Kansas.
Blood samples were analyzed for hemoglobin, hematocrit, total
serum protein, and electrophoretic fractions of serum proteins.
The children were apparently healthy according to a medical
examination.
Mean daily intake of the individual nutrients from diet and
supplement for each child was calculated and categorized into
highest and lowest values observed and 25th, 5>0th, and 7!?th per-
centiles and compared to the 1963 HDA . The 1963 ROA for iron
fell between the 73'th percentile and the highest value observed;
for ascorbic acid, vitamin A, protein, thiamin and riboflavin,
it fell between the lowest value observed and the 25'th percen-
tile. All diets supplied niacin at lOQfo or more of the 1963 RDA
,
Iron was the nutrient supplied in least adequate amounts, fol-
lowed by calcium and calories.
Vitamin supplements were taken by 16 of the I4O children.
Except for vitamin A and ascorbic acid, supplementation did lit-
tle to improve the diet. In general, the daily nutrient intakes
were similar for children not receiving vitamins and from food
alone for those receiving vitamins. Supplemented vitamins were
higher for children receiving vitamins.
k3
Highest and lowest values observed and 25th, 50th and 75th
percentiles were obtained for hemoglobin, hematocrit, total serum
protein values, albumin (gm/100 ml), globulin fractions (percent
of total serum) and albumin: globulin ratio. The lowest value
for the ICNND (1963) acceptable range fell between the 75th per-
centile and the highest value observed for alpha 2 and gamma
globulin, between the 50th and 73'th percentiles for alpha 1 and
beta globulin, and between the lowest value observed and the 25th
percentile for hemoglobin, hematocrit and albumin.
A positive significant (p < 0.01) correlation was found be-
tween hematocrit and hemoglobin and hemoglobin and protein in-
take. Hemoglobin was positively related with iron but this
relationship was not significant. Two children deficient in
hemoglobin according to ICNND (1963) standards had intakes in
the lowest percentile division for calories, fat, protein, cal-
cium and iron. 3oth children received vitamin supplements.
Positive significant correlations (p { 0.05^ were found be-
tween total serum protein and niacin, albumin and vitamin A, and
albumin and niacin. A positive significant (p { 3.0IL; correla-
tion was found between fat and albumin: globulin ratio. A nega-
tive significant correlation was found between fat and alpha 1
globulin
.
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FORM I Name
RECORD OF FOOD EATEN BY THE PRESCHOOL CHILD
Day of Week Schedule No.
Kind of Food
Child Eats
and Drinks
and Descrip-
tion
Amount Did the Child Eat --
Time Cups,
Tsp,
Tbsp,
or Size
Alone? At Home? At a Table?
of
Day
Yes If no,
with
whom
Yes If no,
where
Yes If no,
where
Vitamin, rr
this chi
ineral, o
Id for th
r nu J
is d<
,rient ;uppl< :ment g Lven
Name of supplemen t:
Amount given per dose
No. of times given
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INSTRUCTIONS FOR RECORD OF FOOD EATEN
BY THE PRESCHOOL CHILD
1. Record the tine when any food is eaten.
2. Record all food the child eats or drinks for three
consecutive days.
3. Record amount child eats or drinks using the following
utensils for measurements.
(a) set of "standard" measuring cups
(b) 1 cup liquid measuring cup
(c) set of "standard" measuring spoons
(d) ruler
Record only the amount eaten, not what is left on plate
Beverages - list all kinds of beverages as whole milk,
chocolate milk, carbonated drink, fruit
flavored drink or mix.
- record by cups (lA, 1/3, 1/2, 2/3, 3A, D
or tbsp.
Bread - list kinds of breads or rolls as whole wheat,
rye, white, hamburger bun.
- record bread in number or parts of slices.
- record rolls and crackers by number.
Butter
,
mar- - measure and record butter and margarine,
garine
,
peanut butter, jam and other spreads
Spreads if used.
Cereals - list kinds of cereal as raisin bran, cornflakes
- measure added milk, cream, or sugar.
Cheese - list kinds of cheese as cottage, Cheddar.
- record cottage cheese by tbsp.
- record Cheddar cheese in slices as 2" x 2"
x 1/8" or by ounce or by slice.
Desserts - list kind of dessert as apple pie, chocolate
pudding, frosted angel food cake.
- record puddings and ice cream by cups (lA,
1/2, 1).
- record cupcakes and cookies by diameter as
2 3A" diameter.
- record pies in fraction as l/8 of 8" pie.
Eggs - record number and method of preparation as
fried, scrambled, poached.
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Fish, Meat
and Poultry-
Fruits and
Fruit Juices
Miscellaneous
Mixed Foods
(Casseroles
,
Salads)
Vegetables
list kind and method of preparation as fried
chicken, broiled lamb chop, roast pork.
record in inches as 2" x 3" x l/i|" or 1 wing,
1 drumstick, 3" diameter hamburger ' patty
.
record number of shrimp, scallops, fish
sticks, wieners, sausages.
list the form (fresh, frozen, or canned) and
kind of fruit,
if fresh fruit, specify if small, medium,
large
.
list the form (fresh, frozen or canned) and
kind of juice
.
if fruit flavored drink or mix, specify kind,
if sugar added, indicate amount.
list kind and size of candy bar.
list kind and number of nuts, pieces of candy.
record amount of popped corn by cups (l/k,
1/2, 1).
record amount of chewing gum.
any food prepared from a combination of
ingredients
.
record proportions of ingredients in recipes,
record amount child eats.
list kind of vegetable, as broccoli, potatoes-
baked, fried, mashed.
measure and record added butter and sauces.
record cooked vegetables by portions of cups
(l/i|, 1/3, 1/2) or tbsp.
record raw celery as portion of 1 stalk.
record potato chips and French fries by
number
.
Vitamin or
Other "Food
Supplement
- record brand name and amount.
Sk
EXAMPLES
Kind of Food Child Eats and
Drinks and Description
Corn Flakes with
sugar
whole milk
Toasted cheese sandwich
white bread
American cheese
margarine
Raw apple
Canned peaches
Fried chicken
Roast beef
Mashed potatoes with milk and
butter added
Gravy on potatoes
Raw carrot sticks
Cherry pie
Milk chocolate bar
Pecan halves
Amount Child Eats
(cup, tbsp., tsp., number)
Frozen orange juice
Tuna noodle casserole
1/2 lb. uncooked noodles
1-7 oz. can tuna fish
1 can cream of mushroom soup
1/2 cup crushed potato chips
3A cup
1/2 tsp
1/2 cup
1 slice
1 slice 3" x 3" x 3/16"
1 tsp
.
1/2 of small apple
1 peach half
2 tbsp. juice
1 leg
1 thin slice, I4 l/2" x 2"
l/k cup
1 tbsp.
k ~ 3" long
1/8 of a 9" pie
1 ounce
3A cup
3A cup
XYZ brand vitamin 1 tablet
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Form 2
HEALTH EXAMINATION FORM
NUTRITION STUDY
COLLEGE OF HOME ECONOMICS
KANSAS STATE UNIVERSITY
Manhattan, Kansas
Sex Name Date of Birth
School No. in Family
Father's Occupation
Place in Family
Height Weight
SPECIMEN MEDICAL MARKING FORM
RECORD CARD Col. 1 Col. 2 Code Deduction
Skin:
11 Ringworm, Head ...
12 Body . .
.
13 Scabies SKIN 5
11 3
12 3
13 1
Ik 2
15 according to
defect
15 Other diseases
(non-tubercular) .
Eye:
20 Corneal Opacities.
21 Defective Vision.
22 Squint
23 Other conditions .
EYE 8
16 2
17 1
18 8
19 8
20 8
21 5
22 8
23 according to
defect
Ear:
2k Defective Hearing.
25 Otitis Media
26 Other Ear Diseases
EAR 8
2k k
25 8
26 according to
defect
Nose and Throat:
27 Chronic
29 Chronic
Tonsillitis and
30 Other conditions .
.
NOSE AND
THROAT
5
27 2
28 2
29 5
30 according to
defect
Form 2 (cont'd)
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SPECIMEN MEDICAL MARKING FORM
RECORD CARD Col. 1 Col. 2 Code Deduction
31 Enlarged Cervical ENLARGED
CERVICAL
GLANDS
31 5
32 Defective Speech. DEFECTIVE
SPEECH
32 5
33 Teeth:
Number Decayed. TEETH 8 33 h minus 5; h
plus 8
according to
defect
Heart and
Circulation:
3^ Heart Disease
HEART AND
CIRCULATION
11
3h
11
35 8
LUNGS 11 36 according to
defect
Tuberculosis
:
37 Pulmonary
:
38 Non-pulmonary:
TUBERCULOSIS 11
37 11
reject
38 11
reject
Hip
Other Bones and
Deformities
2+2 Rickets
DEFORMITIES 11
2+2 11
2+3 Spinal Curvature. 2+3) according to
2+2+) defect
2+5 Other Defects
2+6 Mental Conditions
OTHER DEFECTS
MENTAL
CONDITIONS
11
11
2+5 according to
defect
1+6 11
TOTAL
1
100
Col. 1 of marking 'form shows maximum deduction possible.
Col. 2 shows actual deduction by assessor.
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Form 2 (concl.)
Signed: M.D.
Adapted from the Marking Form of the Kent Pediatric Society Research
Sub- committee j Incidence of Health Among School Children, 1^ Brampton
Rd., Bexley Heath Kent, England.
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TABLE 13
Food energy, fat, carbohydrate and protein intakes
as nutrient per kilogram body weight
Child Pood energy Fat Carbohydrate Protein
cal gm gm gm
1 67 2.6 8.2 2.9
2 86 3.1+ 11.5 2.9
3 90 l+.l 11.1 2.7
k 110 2.0 18.0 5.1
5 69 2.6 8.8 3.0
6 87 1+.3 9.6 3.0
7 79 2.6 11.7 2.6
8 87 1+.0 9.9 3.1+
9 8)+ k.5 7.6 3.5
10 68 2.5 9.6 2.3
12 103 5.1 10.9 1+.0
13 82 3.1 10.0 3.7
15 99 3.5 13.8 3.3
16 91 I+.o 12.0 2.8
18 73 3.2 7.9 3.1
19 126 1+.9 16.2 i+.7
21 95 3.9 11.8 3.5
22 60 2.3 7.7 2.1+
23 111 1+.2 16.3 2.7
2k 153 S.S 11+.3 1+.2
25 66 2.8 8.0 2.6
26 63 3.1 6.0 2.8
30 91 3.9 12.7 2.2
33 100 1+.7 10.8 3.9
31+ 100 i+.o 13.0 3.1+
35 90 3.5 11.6 3.5
37 66 2.9 6.1+ 3.7
38 90 l+.l 10.7 2.8
l+o 61 2.1 9.1 1.6
L+2 116 3.6 16.0 5.6
^3 102 1+.0 11+.1+ 3.0
uu 122 5.7 11+. 6 3.6
1+6 79 3.2 io.5 2.1+
1*7 91 3.2 13.7 2.1+
^8 61+ 2.6 7.1+ 2.6
1+9 108 3.1 17.0 3.1+
5o 101+ 1+.5 12.2 1+.2
5i 109 5.6 11.5 3.7
$2 60 2.1+ 7.3 2.7
53 76 2.6 io.k 3.0
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TABLE ll+
Mean vitamin Intakes from diet alone for children
receiving vitamin supplements
Child
Vitamin
A
Thiamin Riboflavin Niacin
equiv
Ascorbic
acid
1
3
10
12
15
16
23
2k
26
35
Uo
kk
V?
1+8
5o
53
iu
11,680
3,270
1,700
M70
^,930
13,760
5,750
2,990
3.110
1^610
1,260
2,520
5,71+0
1,610
3,200
1,1*90
mg mg mg mg
0.60 1.99 17.2 12
0.66 1.10 16.9 115
0.60 0.86 12.5 59
0.91 2.10 21+.6 119
0.65 1.11 21.2 5i
0.99 1.39 15.2 186
0.59 0.82 17.6 20
1.01+ 2.30 25.0 67
0.75 1.53 12.2 Sk
0.69 1.30 13.6 89
o.5o 0.93 9.3 kh
0.82 1.67 17.1+ Sk
0.81 0.87 il+.
5
133
0.59 1.21+ 16.3 18
0.88 2.13 26.2 21+
0.71+ 0.98 20.8 70
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The relationship of dietary intake and several blood values
for lj.0 children age 3 year 10 months to 5 years 9 months was in-
vestigated. Three day dietary records were obtained for children
attending the Kansas State University Nursery School and the
Presbyterian Church Nursery School in Manhattan, Kansas . Blood
samples were analyzed for hemoglobin, hematocrit, total serum
protein, and electrophoretic fractions of serum proteins. The
children were apparently healthy according to a medical examina-
tion.
Mean daily intake of the individual nutrients from diet and
supplement for each child was calculated and categorized into
highest and lowest values observed and 25th, 5'0th, and 75th per-
centiles and compared to the 1963 RDA. The 1963 RDA for iron
fell between the 75th percentile and the highest value observed;
for ascorbic acid, vitamin A, protein, thiamin and riboflavin,
it fell between the lowest value observed and the ?5th percentile.
All diets supplied niacin at 100% or more of the 196 3 RDA. Iron
was the nutrient supplied in least adequate amounts, followed by
calcium and calories.
Vitamin supplements were taken by 16 of the lj.0 children.
Except for vitamin A and ascorbic acid, supplementation did little
to improve the diet. In general, the daily nutrient intakes were
similar for children not receiving vitamins and from food alone
for those receiving vitamins. Supplemented vitamins which were
higher for children receiving vitamins.
Highest and lowest values observed, 25th, 50th and 75th per-
centiles were obtained for hemoglobin, hematocrib, total serum
protein values, albumin ( gm/100 ml), globulin fractions (percent
of total serum) and albumin: globulin ratio. The lowest value
for the ICNND (19&3) acceptable range fell between the 75th per-
centile and the highest value observed for alpha 2 and gamma
globulin, between the 5>0th and 75th percentiles for alpha 1 and
beta globulin, and between the lowest value observed and the 25>th
percentile for hemoglobin, hematocrit and albumin.
A positive significant (p > 0.05) correlation was found be-
tween hematocrit and hemoglobin and hemoglobin and protein in-
take. Hemoglobin was positively related with iron but this re-
lationship was not significant. Two children deficient in
hemoglobin according to ICNND (19&3) standards had intakes in
the lowest percentile division for calories, fat, protein, cal-
cium and iron. Both children received vitamin supplements.
Positive significant correlations (p > 0.01) were found be-
tween total serum protein and niacin, albumin and vitamin A, and
albumin and niacin. A positive significant (p > 0.0£) correla-
tion was found betx-jeen fat and albumin : globulin ratio. A nega-
tive significant correlation was found between fat and alpha 1
globulin.
